A study on unsteady MHD natural convection flow of an optically thin, heat radiating, incompressible, viscous, chemically reactive, temperature dependent heat absorbing and electrically conducting fluid past an exponentially accelerated infinite vertical plate having ramped temperature, embedded in a porous medium is carried out, considering the effects of Hall current and rotation. Governing equations are non-dimensionalized and Laplace Transform Technique is used to find the exact solutions for non-dimensional velocity, temperature and concentration fields. The quantities of physical interest i.e. shear stress at the plate, rate of heat and mass transfers at the plate are also derived. Numerical results for the velocity, temperature and species concentration of the fluid are demonstrated with the help of graphs whereas those of shear stress at the plate, rate of heat and mass transfers at the plate are displayed in tables for various flow parameters. It is observed that fluid velocities as well as fluid temperature profiles are slower in case of ramped temperature plate than those of isothermal plate.
INTRODUCTION
Mutual influences of heat absorption/generation and thermal radiation on magnetohydrodynamic free convection flow are significant for several scientific, engineering and industrial applications viz. high temperature casting, furnace design, thermo-nuclear fusion, solar power technology, missiles, propulsion devices for aircraft, space vehicles and satellites etc. Therefore, it is worthwhile to analyze the fluid flow problems involving combined effects of temperature dependent heat source/sink and thermal radiation. Considering the significance of such study, Chamkha (2000) investigated the effects of heat generation/absorption and thermal radiation on hydromagnetic boundary layer flow near an accelerating porous surface considering the influence of thermal buoyancy force. Makinde (2012) analyzed hydromagnetic mixed convection flow towards a stagnation point on a vertical plate surrounded by a highly saturated porous medium considering the consequences of radiation and internal heat generation. Mixed convection heat dissipative flow past a wedge in a magnetic field with internal heat generation/absorption, thermal radiation and stress work was inspected by Prasad et al. (2013) . Veeresh et al. (2017) studied the Joule heating and thermal diffusion effects on MHD radiative Casson fluid flow past an oscillating vertical porous plate.
Study of magnetohydrodynamic natural convection flow in a rotating frame is of much significance due to its abundant applications in various fields of science and engineering viz. astrophysics, geophysics, oceanology, aeronautics, meteorology, petrochemical engineering etc. This provoked quite a lot of researchers to carry out a capacious volume of research works on unsteady hydromagnetic rotating flow near a vertical plate under various conditions. Mentions may be made of the research works of Singh (1984) , Raptis and Singh (1985) , Bestman and Adjepong (1988) , Mbeledogu and Ogulu (2007) .
Further, Hall effects on MHD viscous flows have vital applications in several engineering problems, viz. development of plasma actuator control of hypersonic flows, efficient Hall thrusters in magnetic propulsion, large-scale pulsed MHD generators, nuclear power reactors, Hall current accelerators, Hall effect joysticks to control hydraulic valves etc. Cowling (1957) highlighted the need to incorporate the effects of Hall current in magnetohydrodynamic flows. Since Hall current tends to induce a secondary flow in the flow-field (Sutton and Sherman, 1965) , it plays a crucial role in defining the flow-field characteristics. Due to the huge importance of such physical effect, Pop and Watanabe (1994) , Aboeldahab and Elbarbary (2001) , Seth et al. (2013 and Das et al. (2013) investigated the influence of Hall current on hydromagnetic natural convection flow near a vertical plate, considering various aspects of the problem. Reddy (2014) considered Hall effect, thermal radiation and viscous dissipation on MHD convective flow of a viscous, electrically conducting and incompressible fluid past a stretched vertical sheet. Recently, combined effects of radiation, heat absorption and Hall effect on MHD doublediffusive free convective flow past a stretching sheet was discussed by Sreedevi et al. (2016) .
Chemical reaction is the process by means of which one set of chemical substances are transformed into another. Moreover, the process of chemical reaction takes place between the fluid and a foreign mass. Usually, chemical reactions can be classified into two major categories viz. Heterogeneous and homogeneous chemical reactions. This depends on whether the chemical reactions are occurring at an interface or as a single phase volume reaction. Study of mass transfer flows taking chemical reaction into account has found numerous important applications in several chemical and hydrometallurgical industries such as catalytic chemical reactors, production of glassware and ceramics, food processing, undergoing endothermic or exothermic chemical reaction etc. Chamkha (2003) investigated MHD flow for a uniformly stretched vertical permeable surface in presence of chemical reaction and heat generation/absorption. Afify (2004) discussed the impact of heat radiation on natural convection flow past an isothermal vertical cone surface taking into account the chemical reaction. Other
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Available at www.ThermalFluidsCentral.org interesting results regarding chemical reaction can be found in the research works of Muthucumaraswamy et al. (2006) , Ibrahim et al. (2008) , Chamkha et al. (2011), Bhattacharya and Layek (2012) , Seth et al. (2014 ), Satya Narayana et al. (2016 , Nagaraju et al. (2016) and Hayat et al. (2017) .
Researchers usually modelled natural convection flows under the conventions of a uniform surface temperature. But in several physical circumstances, the temperature of the bounding surface may necessitate the consideration of non-uniform or arbitrary wall conditions. Moreover, there may occur step discontinuities in the surface temperature. In view of this fact, many researchers explored free convection from a vertical plate with step discontinuities in the surface temperature. Some of the related investigations are due to Hayday et al. (1967) , Lee and Yovanovich (1991) . Also, several researchers investigated unsteady hydromagnetic free convection flow past a vertical plate with ramped wall temperature considering various aspects of the problem. Some of the relevant studies are due to Chandran et al. (2005) , Rajesh and Chamkha (2014) , Kundu et al. (2014) , and Seth et al. (2016) .
The present work intents to examine the influences of rotation and Hall current on transient magnetohydrodynamic free convection flow of a chemically reactive, optically thin heat radiating and heat absorbing fluid past a moving vertical plate in a fluid saturated porous medium considering ramped wall temperature.
MATHEMATICAL FORMULATION
Consider an unsteady magnetohydrodynamic free convection flow of an electrically conducting, incompressible, viscous, chemically reactive, optically thin radiating and heat absorbing fluid past an exponentially accelerated moving vertical plate of infinite extent with ramped wall temperature, embedded in a uniform porous medium taking Hall current and rotation into account. Cartesian co-ordinate system   The temperature of the plate is raised or lowered to The geometry of the physical problem is presented in Figure 1 . Fluid is metallic liquid or partially ionized, having a very small magnetic Reynolds number. Hence, the magnetic field induced due to the fluid flow is insignificant in comparison to the applied one (Cramer and Pai, 1973 In light of above assumptions, the equations presiding the unsteady MHD free convection flow of an optically thin heat radiating, incompressible, viscous, chemically reactive, temperature dependent heat absorbing/generating and electrically conducting fluid past an exponentially accelerated infinite vertical plate having ramped temperature, in a porous medium, considering the effects of Hall current and rotation, under the approximation proposed by Boussinesq, are specified as:
where u -velocity of the fluid along x -axis, w -velocity of the fluid T   Thus, ignoring the second and higher order terms, we have
Making use of Eqs. (6) and (7), equation (3) 
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To represent Eqs. (1), (2), (4) and (8) in dimensionless form, following non-dimensional variables and parameters have been introduced: Using (9), Eqs. (1), (2), (4) and (8), are transformed into following nondimensional form:
Initial and boundary conditions (5a) to (5d) in dimensionless system, are presented as:
at 0 for 0 1,
Equations (10) and (11) 
where       , , , .
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Initial and boundary conditions (14a) to (14d), are transformed into
SOLUTION OF THE PROBLEM
Laplace Transform Technique is used to solve the Eqs. (12), (13) and (15) 
where
G y t e g y t b g y t P N b b
The expressions for 1 g and 2 g are provided in Appendix.
Solutions for unit Prandtl number ( r P ) and unit Schmidt number ( c S )
We can see that the analytical solution (19) representing fluid velocity   , F y t is not valid when we consider number is a non-dimensional parameter representing the ratio of diffusion of momentum to the diffusion of heat in a fluid and Schmidt number is a non-dimensional parameter representing the ratio of diffusion of momentum to diffusion of mass in a fluid therefore, the particular cases 1 r P  and 1 c S  correspond to the fluids having same order of magnitude of viscous, thermal and concentration boundary layer thicknesses. There exist some fluids of practical importance belonging to this category (Chen, 2004 (12) and (13) and proceeding through the similar method as earlier, we obtain expressions for fluid velocity, fluid temperature and species concentration in following simplified form: 
Solutions for isothermal plate
Expressions (17) to (19) characterize the exact solutions for the temperature, species concentration and velocity of the fluid when the plate admits the ramped wall condition. To emphasize the effect of rampedness in the temperature of the fluid, it is worthwhile to compare such flows with the one near an exponentially accelerated moving vertical plate with uniform temperature. Accordingly, the solutions for fluid velocity and fluid temperature take the following form: 
where 
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The expressions for 3 g and 4 g are provided in Appendix.
Rate of heat transfer at the plate
Expressions for heat transfer rate at the plate which is denoted as u N (Nusselt number), are presented as: Figs. 2 and 3 . From Figs. 2 and 3 it is detected that, both u and w are getting amplified on increasing m and also the fluid velocity changes more rapidly in case of secondary flow than those of primary flow. This phenomenon is in excellent agreement with the fact that a current, known as Hall current, comes into play in case of an electrically conducting fluid whose density is low and the applied magnetic field is strong. This induced current flows in a direction which is perpendicular to both magnetic and electric fields. Thus, it is a tendency of Hall current to accelerate both the primary and secondary fluid velocities. Figures 4 and 5 reveal that, u is getting decreased on increasing 2 M whereas w rises near the plate and then gradually falls in the region far from the plate. Since, in an electrically conducting fluid, existence of magnetic field tend to induce a retarding body force, referred to as Lorentz force and direction of this force is perpendicular to both the fields. Since 2 M suggests the ratio of electromagnetic body force to viscous force, higher value of 2 M leads to a stronger hydromagnetic body force which tend to decelerate the fluid flow. Therefore, application of external magnetic field is a prevailing tool for hindering the fluid motion. Figures 6 and 7 exhibit the consequence of rotation on the flow-field. From Figs. 6 and 7, it is perceived that, on increasing 2 , K u gets decelerated whilst a reverse pattern is noted for .
w This is justified with the fact that, rotation induces a force viz. Coriolis force which has a tendency to suppress the primary flow in order to induce the flow in secondary direction. It is inferred from Figs. 8 and 9 that, both u and w get enhanced on increasing 1 . K This suggests that, permeability parameter intensifies the fluid flow in both the flow directions. The possible reason behind such behavior of fluid flow is that an increment in the permeability reduces the resistance of the porosity of the medium. As a result of which fluid velocity is getting enhanced. The influences of thermal and solutal buoyancy forces on the primary and secondary fluid velocities have been portrayed in Figs. 10 to 13. Here from these figures we notice that, both primary and secondary fluid velocities increase with the increase of r G and c G . Since r G and c G measure the relative strengths of thermal and solutal buoyancy forces to viscous force respectively, increasing values of r G and c G leads to an increase in thermal and solutal buoyancy forces respectively. Since, fluid flow in this problem is induced due to free convection arising as a result of thermal and solutal buoyancy forces, therefore, these forces will obviously result in speeding up of fluid velocities. Figures 14 to 17 portray the influences of thermal radiation and heat absorption on both primary and secondary fluid velocities. From Figs. 14 to 17 a significant fall in the values of u and w can be observed for increasing values of N and .
 In other words, the primary and secondary velocities for highly radiating and heat absorbing fluids are smaller as compared to those of lesser radiating and heat absorbing fluids which is justified because fluid temperature is getting reduced on increasing N and .  Likewise, from (27) and (28), have been presented in Table 3 for several values of , N  and . t Table 3 shows that, for both the kinds of thermal conditions at the plates, u N is getting enhanced with the growing values of either of N or  . Furthermore, in case of ramped temperature plate, u N gradually takes higher values with the advancement of time whereas a completely reverse phenomenon takes place when isothermal plate is considered.
The numerical values of mass transfer rate at the plate , h S evaluated from Eq. (29) is shown in Table 4 under the influences of r K and . t It is deduced from Table 4 that, h S increases with the increment in the values of r K whereas a reduction is noted with the progress of time . 
CONCLUSIONS
The noteworthy outcomes of the present study are as follows:  For both ramped temperature and isothermal plates:  Hall effect, thermal and solutal buoyancy forces, permeability of the porous medium, time and surface acceleration parameter tend to enhance the primary fluid velocity whereas a reverse trend is followed by magnetic field, rotation, thermal radiation and heat absorption on the primary fluid flow all over the boundary layer region. The secondary velocity gets enhanced with the increment of Hall effect, permeability parameter, rotation, thermal and solutal buoyancy forces, time and surface acceleration parameter in the boundary layer region whereas an opposite pattern is noted for thermal radiation, magnetic parameter and heat absorption.  Heat absorption and thermal radiation tend to lower the temperature of the fluid whereas fluid temperature gets increased with the progress of time  Chemical reaction of destructive kind results in a decrement in the species concentration whereas a reverse tendency is followed in case of generative chemical reaction. Further, with the advancement of time, species concentration gets improved.  Primary shear stress component at the plate decreases as we increase Hall effect, solutal and thermal buoyancy forces and the permeability of the porous medium whereas an opposite trend is noticed for magnetic field, rotation, heat absorption, thermal radiation.  Secondary shear stress component at the plate gets enhanced on intensification of Hall effect, rotation, magnetic field, permeability of porous medium and thermal and solutal buoyancy forces whereas an adverse effect is observed for heat absorption and thermal radiation.  Heat transfer rate at the plate gets improved as we amplify heat absorption and thermal radiation parameter for both the kinds of thermal conditions at the plates. Moreover, heat transfer rate in case of ramped temperature plate gets enhanced with the progress of time whereas an opposite trend is noticed for isothermal plate.  Chemical reaction parameter increases the mass transfer rate at the plate whereas a contradictory pattern is noticed in case of time.  dimensionless heat absorption parameter
